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Abstract

This compilation of deta for Li:TiOs and Li:TiOs and Li,ZrO; ceramic breeding
material is a part of a sutudy to construct a databese for breeding blanket material
for a fusion reactor, consisting of breeding material, neutron multiplier compilation
were collected from as many papers and reference books as possible.

Nevertheless, there may be data that were taken from past experiments than those
collected in this compilation. So the authors are going to continue collecting data of
this tipe

Date were arranged in a matrix from to clarify the properties of insufficient date
so as to be easily used. This database is expected to be very useful and necessary for

designing and analyzing breeding blankets.
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Table3.1 Date List Ceramic Breeder Material

Physical properties
+Crystalline structure
*Molecular weight
+Density

*Melting Point
»Thermal conductivity
»Thermal expansion

«Specific heat

«Heat capacity
<Hardness
Mechanical properties

*Young's modulus
+Poissou’s ratio

- Tensile strength
-Compressive strength
*Bending strength

- Creep rate

+Thermal shock resistance

Chemical stability and
compatibili
»Compatibility of Li,O
and water
»Compatibility of Li,O

and structure material

Tritjum_solubility and
transport
*Mass transport of Li
+ Chemical composition of
released Tritium in breeder
=Tritium diffusion coefficient
factor

*Water vapor adsorption

« Solubility
*Desorption

«Tritium retention

*Helium retention

Radiation effects
- Grain growth

-Swelling

Miscellaneus properties
+Tritium residency time

+Vapor pressure
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Fig.4.4.1. Isothermal tritium release at 300C, 280C, 250°C, 200°C in He + 0.1% H. purge
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gas, flowrate 2.4 Th™' for Li,Ti0s*® .
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Fig.4.4.2. Tritium desorption curves for Li,ZrO;

and Li1,TiOs at a

linear heating rate of 2 K/min, pure He sweep gas®® .



BBEFE7TS vy b F— ¥ x—2(2)

20000 | T T T T T T
—— Pure He
--------- +0.1%
15000 He +0.1% Hz _|
2l
© 10000 [~ -
X
<
§
= 5000 |~ =
>
O
O— —
-5000, ] I ] 1 1 ] 1

200 300 400 500 600 700 800 900 1000
Temperature, K

Fig.4.4.3. Effect of purge gas composition on tritium release for
sample sintered at 1498 K and heating rate of 2K, min.
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Fig4.4.4. Effect of sintering temperature on tritium release or a
purge gas of pure helium and heating rate of 2K, min*® .
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Table 5.2.1 Material Properties related to the Generation of Thermal
Crack in Ceramic Breeding Materials
. K(600°C) a (600°C) ER.T) KE o)
Material
(w/m K) (103K) (GPa) (10$m?/s)
Li2O 3.5 3.3 70 1.5
LiAlO; 2.6 1.2 80 2.7
Li2SiOs 2.0 2.1 55 1.7
LisSi04 1.9 3.6 50 1.1
Li2ZrOs 1.4 1.1 70 1.8
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Table 5.3.1 Interaction between Water and 600C Ceramics thrown in
98 C Water??® 20
) Chemical Heat | Ha generation | Time to reach
Breeder Material )
Release mol Ho/g Material | peak temp.(s)
Li2O Mild 2.7X103 90
LioTiOs None None —
Li2Si0O3 None None -
Table 5.3.2 Interaction between 600°C Ceramics and 98 C Water injected
to 600C Ceramics??
Breeder | Mass Water(g) Peak Gas Released Ha2 Released Time to Reach
Material | Mass Breeder M(g) | Temp.('C) | Mole/Mole water | Mole/Mole water | Peak Temp.(S)
Li:O 3.0/50 625 0.275 0 50
LixZrQ; 3.1/50 600 1.0 0 —
LiAlO: 3.3/50 600 1.0 0 —
LisSi0,4 3.0/50 600 1.0 0 —
Li 3.0/20 900 0.37 0.16 10
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Table 5.4.1 Chemical composition of Tritium Released by Heating in Vacum

IR S A

Material Neutron fluence{ Upper Temp. % of total tritium
cm-2 K HTO HT CHaT3 Retention
Li:O
unirradiated 975 95.4 3.8 0.3 0.5
Li2O 5.4 X 1015 873 99.1 0.4 0.3 0.2
3.6X 1016 873 98.0 0.9 1.0 0.1
3.1x1016 873 97.6 1.8 0.5 0.1
8.9X10%7 873 93.4 5.6 0.8 0.1
Li20 pellet
(76.5%TD) 5.4X 1015 1073 95.4 3.5 0.5 0.6
LisSiOs 2.5X 1016 1073 97.1 2.5 0.4 0.01
LisZrOs 2.5% 1016 1173 99.0 0.7 0.3 —

Table 5.4.2 Diffusion Coefficient of Tritium in Oxide Ceramic Breeder
Materials 27) 30) 33) 34) 35)

Neutron fluence log Do Q Temp. range
Material
cm2 cm?s-1 kd mol! K

Li:O 8.1X106 —4.1%0.5 77.4+5.6 570—690
Y-LiAlO; 2.5X 1016 —~4.7£05 90.3£1.0 630—920
Li»SiO3 2.5 X 10186 —4.7£0.8 81.1x11.7 650—840
LisSiO4 2.5X 1016 —6.7+0.1 43.8+0.9 530—850
LisZrO3 2.5X 1016 —4.9+0.2 75.0+2.2 540—1730
LioZrOs 2.5 X 1016 —5.5+0.3 57.8+3.0 500670
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Fig.5.1.1 Thermal Conductivity Data for Porous (~20%) Li,ZrOs.
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